Much interest has been shown recently in the urinary excretion of 4-hydroxy-3-methoxy-mandelic acid (HMMA, but also known as VMA). It is accepted that its estimation may assist in the diagnosis of neuroblastoma and phaeochromocytoma, the high excretion usually found with these tumours being well above that possibly due to dietary constitutents, the stress of hospital admission, or recent operation. While most workers in describing methods or investigating clinical groups have included small numbers of normal subjects in order to define normal values of excretion, there have been no systematic studies of the excretion pattern in childhood. This paper records a study of 24-hour HMMA excretion in 132 normal children and in several small groups of children suffering from conditions that have been suspected of raising excretion rates of HMMA. In the series of children with proven neuroblastoma, as in those of most other workers, there are a few with normal HMMA excretion. Some of the non-pathological factors that might influence HMMA excretion have also been studied.
Subjects and Methods The following children provided 24-hour specimens of urine:
Group 1: 66 healthy children aged between 1 year 4 months and 15 years 6 months. They were normally active at home. The only restriction imposed was the avoidance of ice-cream and banana for the days before and during collection.
Group 2: 66 children in hospital, 54 of them were between 1 year 1 month and 15 years 10 months, the other 12 being less than 1 year. Though they were in hospital these subjects were active but probably less so than -at home. Patients with acute or urinary infections, recent Children aged less than 1 year and those aged between 12 and 15 9 years were considered as separate groups. The average and 1 % upper limit are shown in a similar manner to the regression line and its limit.
Results
The mean recovery by periodate oxidation of aqueous HMMA 25 Fg./ml. was 96 8 ± 3*8% (S.D.). From urine the mean recovery over the whole process was 84-8 ± 6-8% (S.D.) over 100 consecutive analyses.
The excretion of HMMA by healthy children and those in hospital (groups 1 and 2) is shown graphically in Fig. 1 , where male and female, healthy and hospitalized children are separately designated. The regression of excretion on age was calculated for those aged 1 to I -9 years (96 subjects in all); there were too few subjects below the age of 1 year, and those over the age of 12 showed much greater variation. The lowest points were not included in the calculation of the regression for it seemed likely that they represented incomplete collection or other abnormality; from 5 of 9 subjects thus 'eliminated' unusually small 24-hour urine specimens were received. From the data of all the children the lines of regression and probability were calculated. Thus Fig. 1 etc.) were tested using t = difference (S2I/ni + S22/n2) -j where ni and n2 are the numbers of subjects in the groups compared and Si and S2
are the standard deviations calculated for each group using (n -2) S = £ (y -9)2 -b2 £ (x -x)2; b is the regression slope.
The relatively wide scatter shown in the children Brief clinical features and HMMA excretions of aged 12-15 9 years has made firm conclusions patients in groups 4 to 8 are shown in Tables 2 to 6. difficult. Study of the volumes of the girls' speci-With the exception of children with neuroblastoma, mens received suggested that not all were complete none of these groups included any child with HMMA 24-hour saves. The over-all average excretion was excretion above the 1 % confidence limit of groups 1 3 05 ± 1 05 (SD; 25 subjects): that of the 11 boys and 2.
was 3 * 54 + 1 * 64 (SD) and of the girls 2 * 48 ± 1 * 43
Of the 13 patients with neuroblastoma (all, as well (SD).
as those of group 7 being proven histologically), 10 shown over the whole 24-hour period. There is a very marked difference between day and night excretion rates, the average change being from about 65 % of the over-all daily rate at 2 * 00 a.m. to 135 % between 2 00 and 6 00 p.m.
Three patients were studied before and after major operations. The levels of successive 24-hour excretions are shown in Table 7 . Chromatographic and some semi-quantitative methods of HMMA estimation may suffer interference from certain dietary constituents (Robinson, Ratcliffe, and Smith, 1959; Gitlow, Mendlowitz, Khassis, Cohen, and Sha, 1960; Mahler and Humoller, 1962 Armstrong, McMillan, and Shaw (1957) , HMMA was shown by a study of the fate of tritium-labelled adrenaline and noradrenaline to be a major metabolite of these adrenal medullary secretions (LaBrosse, Axelrod, and Kety, 1958; Kopin, 1960) . Most workers have studied the excretion of HMMA in relation to the diagnosis of phaeochromocytoma (e.g. Gitlow et al., 1960) , when adrenal medullary activity is known to be excessive, or of neuroblastoma (e.g. von Studnitz, Kiiser, and Sjoerdsma, 1963; Voorhess and Gardner, 1961) . Attempts to study adrenal medullary response to stress by estimating serial HMMA excretion have been reported (Berman and Pettitt, 1961) , and observations on other factors such as diurnal variation (Sunderman, Cleveland, Law, and Sunderman, 1960) and diet (Sandler and Ruthven, 1961) have been made. About a dozen methods of estimation have been described. The original method (Armstrong et al., 1957) was by initial extraction with ethyl acetate, followed by two-dimensional chromatography, diazotization, and spectrophotometry; besides taking about 24 hours, this method requires dietary restriction to minimize interference from exogenous phenolic acids. The high voltage electrophoresis methods (von Studnitz and Hanson, 1959; Randrup, 1962) require expensive apparatus and may not always achieve clear separation of different phenolic acids. Low voltage electrophoresis (Klein and Chernaik, 1961 ) is a prolonged procedure. The diazotization methods of Woiwod and Knight (1961) and Gitlow et al. (1960) tend to give high results, probably because they are less specific. Similarly the colorimetric method using 4-chloro-o-phenylenediamine and phosphoric acid (Fellman, 1963) , though conveniently rapid, suffers interference from di-hydroxy-mandelic acid and p-hydroxy-mandelic acid, both of which are found in urine.
Several methods utilize the conversion of HMMA to vanillin as the basis of estimation. In the first of these (Sandler and Ruthven, 1959) , initial extraction is by adsorption on to an anion exchange resin. This is followed by elution with ethyl acetate, evaporation to dryness, autoclaving with acid, and finally colorimetric estimation. The procedure is tedious and permits a recovery of 70 % at best. Sunderman et al. (1960) used florisil adsorption for purification. Following extraction by ethyl acetate and back-extraction into potassium carbonate, HMMA is oxidized by ferricyanide to vanillin; the reaction, however, is less specific, allowing interference from dietary substances, and the terminal colorimetric estimation is sensitive to time, moisture, and temperature. The method described by Pisano et al. (1962) is rapid (less than 3 hours) and involves extraction with ethyl acetate, back-extraction into potassium carbonate, oxidation by sodium periodate, extraction of the resultant vanillin by toluene, and finally spectrophotometric estimation in potassium carbonate. This is the procedure we have employed.
In the present investigation a significant sex difference in HMMA excretion by normal children between the ages of 1 and 11 * 9 years was not observed. In this age-group there was a good linear relation between excretion and age.
In the first year of life, though the number of observations was small, the scatter was less and it was clear that the points were not co-linear with the older age-group. After the age of 12 years there was much greater variation, particularly in girls, and a sex difference previously reported in adults (Weise, McDonald, and LaBrosse, 1961; Georges and Whitby, 1964) was evident. The over-all average after the age of 12 was 3 05 ± 1 04 (SD) and is very similar to the adult level quoted by Ruthven (1963) of 3 7 ± 1 -1 (SD) but is below that stated by Georges and Whitby (1964) of 5 -45 ± 1*05 (SD) .
The marked diurnal variation (from a minimum of 40 % ofthe mean 24-hour rate to a maximum of 168 % in one child) was much more pronounced than that reported by Weise et al. (1961) . It is imperative to collect 24-hour samples, especially if excretion levels near the 1 % 'borderline' are encountered. This variation also makes it difficult to study short-term physiological changes in adrenal medullary activities by serial estimations of HMMA excretion.
The constancy of results following ingested walnut, banana, and vanilla-flavoured ice-cream confirms that excreted HMMA is not of dietary origin and that dietary restriction is unnecessary when collecting urine for estimation by this method.
Residence in hospital per se produced no increase in HMMA excretion, but this observation must be qualified by the fact that no attempt was made to study excretion during the first day of admission; it is possible that the stress of admission might be associated with a temporary rise in HMMA excretion.
The failure to demonstrate a rise in excretion following operative stress is difficult to reconcile with the observations of Hunter, Marshall, and Oram (1963) that operation was followed by a large increase in adrenaline and noradrenaline excretion, and with the demonstration of LaBrosse, Axelrod, Kopin, and Kety (1961) that about 30-40% of injected adrenaline and noradrenaline could be recovered as HMMA within 48 hours. The latter workers showed that about 5 % of injected adrenaline was excreted unchanged. The daily urinary excretion of adrenaline is quoted as 2-5 ,ug. and of noradrenaline as 25-50 ,ug. (von Euler, 1956 ). These figures suggest a daily production of about 0 5-1-0 mg. of these substances and if the metabolic pathways were the same this would produce about 0 2-0-4 mg. HMMA daily. Normal HMMA excretion (in adults) is about ten times this value. It may be that the very small increase that results from operative stress is hidden in the relatively larger amount of HMMA from other sources.
Of the 13 histologically proven neuroblastoma cases, 3 failed to show the significantly high HMMA excretion. Such normal excretion does not exclude the diagnosis. Rather does it indicate the need to estimate the homovanillic acid (HVA) excretion. This is unfortunately tedious, but may well be helpful, especially if histological diagnosis from biopsy material is uncertain (e.g. if necrosis is prominent). To the best of the authors' knowledge, patients with neuroblastoma do not have both normal HMMA and normal HVA excretion (M. Sandler, 1963 , personal communication; Kaser, Bettex, and von Studnitz, 1964) .
All the children who remained free of clinical evidence of recurrence following successful surgical removal of neuroblastomata showed normal HMMA excretion. It remains to be seen whether a rise in urinary HMMA excretion precedes clinical effects if further tumours appear. Similarly, continuously high HMMA excretion during therapy provides an indication of the failure of therapy. With the known tendency of this tumour to go into remission, a fall in excretion in a single case might not necessarily indicate therapeutic success.
Summary
The procedure of Pisano et al. (1962) for the determination of 4-hydroxy-3-methoxy-mandelic acid (HMMA, also known as VMA) has been employed to confirm the high excretion of this catecholamine metabolite in the urine of most children with neuroblastoma.
The urinary excretion of HMMA by 87 normal children was estimated. These children showed a linear regression of HMMA excretion against age within the limit 1 to 12 years of age. The upper 1 % probability level of the regression was taken as the upper limit of normality in assessing the high excretions.
Residence of the children in hospital rather than at home, sex, the presence of tumours other than neuroblastomata, post-operative stress, and dietary factors have no effect on HMMA excretion.
A marked diurnal rhythm of HMMA excretion was demonstrated, making it imperative to perform the determinations only on complete 24-hour urine specimens.
